The phenomena of desalination processes of the waters containing a considerable amount of calcium occurs both in cases of the pressure-driven membrane and electro-membrane processes, and is usually referred to as membrane scaling. Formation of mineral scale deposits is undesirable in various industrial processes where water and water treatment are involved, such as cooling systems, boilers, heat exchangers, filtration, mineral processing, oil and gas production, and geothermal systems. Common water formed scales include calcium carbonate, calcium sulfate, and barium sulfate. Most of scale found in Egyptian oil reservoirs was formed by direct precipitation from the formation water in high temperature and salinity reservoirs (Gulf of Suez Area), or from chemical incompatibility between injection water and formation water. In this study, ScaleChem software and laboratory Jar-testing were applied to evaluate the scale tendency of two Egyptian oil reservoirs existed in Gulf of Suez area. The two reservoirs were characterized by high temperature of 90-127 o C, and high salinity of 100,000-230,000 ppm. The salinity of injected water was 35,000 ppm. Both of theoretical software and laboratory Jar-testing results were comparing using an ion chromatograph (IC). Results ensured that the scales formation of calcium carbonate, calcium sulfate, barium sulfate and strontium sulfate, and their relative quantities have been functions of pressure, temperature and mixing ratio. Validity of ScaleChem software results has been checked by conducting Jar test at reservoir conditions. The produced scales formed from the Jar test have been analyzed using X-ray diffraction (XRD) and their results have been compared with the output data of ScaleChem software. It have been found that an excellent agreement obtained between results of ScaleChem software and Jar test, in addition the results of Jar test have been founded to be in a good agreement with field observations.
INTRODUCTION
In the reservoir, the natural water is in equilibrium with its surroundings at ambient temperature and pressure. As the brine flows up through the well, both temperature and pressure decrease considerably and the equilibrium is disturbed. This will generally lead to solid-phase deposition 1 . In offshore oilfield developments, mixing of incompatible waters as a result of water-flooding is the main cause of sulfate scale formation. Two waters are incompatible if they interact chemically and precipitate minerals when mixed. When sulfate-, Ca 2+ and Sr 2+ rich formation water it is very likely that calacite (CaCO 3 ), barite (BaSO 4 ), celestite (SrSO 4 ) and/or anhydrite (CaSO 4 ) precipitation will take place 2 .Mineral scale deposition causes serious damage in utilization systems and reduces flow areas. Well production and injection rates and capacities thus drop, with consequent economical loss: for example, BP loses around 4 million bbls per year in the North Sea 3 . The crosssection decrease caused by solid deposition onto the inner wall of a pipe is shown in Fig.1 4 . In some cases the choke of the flow line is so large that the well needs to be closed. Scaling can also cause safety problems caused by blockage and failure of valves 3 . As scaling may be difficult to prevent, there is a need for an accurate method to evaluate the risk of occurrence and, if any, quantify its extent.
El-Manharawy, S., et al., [6] [7] have developed empirical models, to make accurate prediction calculations and understanding the detailed thermo kinetic processes which causes the scale. The need for reliable predictive numerical models of scale formation is illustrated by the many commercial numerical codes developed over the past few years, 8&9 . These numerical models are intended to help the management of scale deposition to minimize the costs of control and mitigation of scaling problems. Among these codes, ScaleChem was specifically developed at OLI Systems Inc. The ScaleChem Program estimates scale formation under CO 2 and water flood conditions, also can be used to evaluate stimulation compatibility amongst formation waters. The performance of using a ScaleChem Version 2.2, downhole completion equipment, thereby clogging the wellbore and restriction fluid flow 10 . There by ScaleChem (V 2.2) is the one of the technique used to calculate queens' speciation mineral saturation indices, mineral solubility's and the effect of mixing between different fluids 11 . The quantitative calculations of Scaling Tendency (ST) are performed using a specific software designed to theoretically estimate the scale formation conditions and scale quantities that may result from mixing two incompatible waters at one or more specified temperature and pressure and any specified ratio of mixing to simulate the reservoir conditions. The input data to the software are the results of two mixing waters. Reservoir pressure and temperature as well as mixing ratios are also a must to complete the run.
In this study, ScaleChem (V2.2) was used to evaluate and quantify scaling precipitated from two Egyptian oil reservoirs existed in Gulf of Suez area at high temperature of 90-127 °C, high pressure of 3600 psi, and high salinity of 100,000-230,000 ppm and 35,000 ppm for formation and injected water, respectively. The cations and anions of such waters were determined experimentally using ion chromatography (IC), also, the produced scales formed from the Jar test have been analyzed using X-ray diffraction (XRD). Both of output data of theoretical software and laboratory Jar-testing results were compared.
Water analysis
Formation water normally is a highly saline brine of a composition typical for each geological formation. The major component is sodium chloride, mostly at concentrations higher than 10000 ppm. To characterize these water samples a lot of different anions and cations have to be analyzed. Anions of interest are sulfate, chloride and bromide which can be measured by ion chromatography (IC) in a single run, and also carbonate and hydrogen carbonate. In this respect, cations and anions of formation and injected brine water were determined experimentally according to ASTM D4327 12 using Dionex ion chromatography (IC) model DX 600 equipped with high capacity columns. Alkaline species (CO 3 -, OH -, and HCO 3 -) were determined experimentally according to ASDTM D3875 13 calculations were designed to measure the theoretical quantitative calculations of scale tendency result from mixing of two incompatible waters at one or more specified temperature, pressure and at any specified ratio to simulate the reservoir conditions.
The ScaleChem Thermo Kinetic Modeling Software Deposition of scale has been shown to be a widespread problem, that cake perforations, casing; production tubing, valves, pumps, and 
(USGS).
The traces and ultra traces of metals were determined using inductively coupled plasma spectro instrument (ICP) 14 . The total dissolved solids, which are simply the total amount of matter dissolved in a given volume of water, was determined experimentally according to ASTM D-1888 15 .Conductivity and resistivity was determined experimentally using digital conductivity meter WTW 330Iaccording to ASTM D1125 16 . Density and specific gravity were determined experimentally according to ASTM D1429 17 , pH was determined experimentally according to ASTM D1293 18 . Salinity value was calculated upon chloride content value. The ScaleChem software was run using the complete water analysis of such reservoir, i.e., from formation and injection water respectively, and the output data were given in Tables (1and 2) .
Jar-Test Procedure
The tested incompatibility brines were firstly pre-filtered to remove any suspended materials. Then complete water analyses were carried out to determine the concentration of the initial composing and scaling ions. After that the brines were mixed at different Formation water: injected water of 20:80, 40:60, 60:40 and 80:20, respectively, and incubated at the 150°F test temperature for 48 h. Then the mixtures were left for 24h the filtered through 0.42-micron filter paper to catch any precipitate. The filter papers were dried at 150°F for 2h and then the precipitates were weighted. Then the maximum scaling ratio was determined based on the weight of the precipitates.
Suspended Solid
The chemical composition of suspended solids filtered from mixing a certain volume of two incompatible waters using a membrane filer (0.45, pore size) are weighted to estimate the possible plugging tendency of water such as corrosion product, scale particles, formation sand, etc. The precipitated results from mixing different ratio of 80,60,40,20 from formation water with 20,40,60,80 from injection water, respectively, are given in Table (1and2) .
Theoretical Compatibility Test
Scale Prediction In order to determine the scale deposition, the ScaleChem (V2.2) computer software program was applied to predict the scale precipitation ScaleChem (V2.2) used to predicate and calculates the queens' speciation mineral saturation indices, mineral solubility's and the effect of mixing between different fluids (formation and injected waters) 9&19 .
Calculating a Scaling Tendency
The Scaling Tendency is defined as the ratio of the activity product of an equilibrium equation to the solubility product for the same equation, the activity products is define as Q, therefore the Scaling Tendency can be written as the following equation:
where K SP = Solubility products
The solubility products of gypsum can be expressed as the following equilibrium equation taken in the consideration that the chemical formula of gypsum is CaSO 4 . 2H 2 O, therefore the equilibrium expression is:
The activity product, Q is defined as:
where a i is the activity of the species:
where g i is the activity coefficient for species i. and m i is the molal concentration.
The solubility product, K sp is a thermodynamic quantity and is a function of the temperature and pressure (although in most cases, the pressure functionality for solids can be ignored). The software has stored the K sp for all of the solids used in the chemistry model.
When the ratio Q/K sp is greater than 1.0, then the solid has tendency to form. When the ratio is less than 1.0, then there is little tendency to form. The positive SI (SI>0) can be indicating that the solution (brine) is supersaturated, i.e., from the view of thermodynamic chemistry the scaling ions will have a tendency to form. On the contrary, the negative SI (SI<0) indicates that the solution (brine) is unsaturated and there is no potential for the scale to form.
Laboratory Compatibility Test
In water handling operations we are primarily concerned with those ions and physical properties, which are important from the standpoint of plugging or corrosion.
RESULTS AND DISCUSSION

Results of simulator
The data in Table ( 1&2) indicated that the input data of formation and injection waters to the software is completely analyzed. The result show high concentration of scaling species (i.e., Ca ++, Ba ++, and SO4 -).
Results of Water Analysis
The results in Table 1 indicated that the conductivity of formation water is 7.47 × 10 -2 mohs/ cm @30. Moreover, it has been found that the salinity (ionic strength) of formation water is higher by 26403.9 times than that of injection water According to all this data and in addition to the knowledge about the inversely relation between the dissolved ions and the resistivity, one can predict that the formation water has an ability to form undissolved ions than injection water.
In Table 1 , it has been observed that the rank of increasing of the concentration of the dissolved cations and anions of formation water measuring using Dionex ion chromatograph (IC), 4 -<HCO 3 -<Br -<Cl -for anions, respectively, taking into account the nature of dissolved salts with respect to pure NaCl brine. Thereby, the probabilities of formation of sparingly soluble salts of CaCO 3 and BaSO 4 are dominant. The same rank of increasing of the concentration of the dissolved cations and anions of the injection water are also found in Table 2 .
Prediction of Scales Formed at Different Conditions
In this part the two brines water used in current study were mixed at both of 60 
The Prediction of Maximum Scale Masses at Ambient and Reservoir Conditions
The maximum scale masses in mg/l at ambient conditions (pressure of 14.73 psi and temperature of 60 o F), and different mixing ratios of 100, 80, 60, 40, 20 and 0 of formation water are shown in Figure ( 2), it is clear that the large quantities of barite (BaSO 4 ) and calcite (CaCO 3 ) are initiated at the ratio of 80:20 of formation water. Where as the maximum scale masses at reservoir conditions (pressure of 1000 psi and temperature of 149 °F) are given in Table 3 . The result of maximum scale masses of calcite (CaCO 3 ) is 20.189 mg/L, and beginning at formation: injection water ratio of 80: 20, in the contrary the maximum scale mass of barium sulfate is 2.6246 mg/L recorded at ratio of formation water: injection water (60: 40). Such date is plotted in Fig. 5 . Thus the mixing ratio should be designed suitably.
The Prediction of Scale Tendency at Ambient and Reservoir Conditions
The results in Tables (4) reveled that the higher scale tendency (ST) of barite values at ambient conditions are 5.6683, 9.787, 29.505, 13.116 and 10.342, which corresponding to 80, 60, 40, 20, and 0 of formation water, respectively. Meanwhile, the results of higher values of ST of calcite are 2.752, 3.1635, 3.6347, and 4.1546, which corresponding to 100, 80, 60, and 40 of formation water, respectively. It is clear that scale tendencies Table (4) represents the scale tendency of all possible scales resulting from mixing different ratio of formation water and injection water. They also indicate that, calcium carbonate and barium sulfate are superiors in being formed at any mixing ratio between formation water and injection water.
The Prediction of Scale Index at Ambient and Reservoir Conditions
The scale index at ambient conditions are shown in Figure ( On the contrary as indicated in Table (5) , SI of the calcium sulfate (gypsum), and ferric carbonate recorded negative values (SI<0), this mean that gypsum and ferric carbonate are undersaturated, and did not cause any problem. It is clear that from all these results the superior scales formed are calcite and barite.
Jar test was conducted to confirm the results of the simulator, and the results are given in Table  ( 8) evident a good conformity between both tools used to calculate and understanding the meticulous thermo kinetic process that causes the scale. Accordingly, the ratios of 80 and 60 of formation water are the most performance ratios that can be apply safely in oilfield.
Conclusions
A wide range of field brines was examined using a ScaleChem (V2.2). The results indicate that the model is capable for predicting the scaling tendencies of BaSO 4 , CaCO 3 and CaSO 4 at various water compositions, temperatures and pressures covering oilfield conditions. Also it is confirmed that, to achieve the correct prediction of scale precipitations in the complex field waters, the possible competitive co precipitation of scale minerals in the same solution and the temperature and pressure changes should be taken into consideration. The maximum scale amounts of jar test and ScaleChem (V 2.2) at reservoir conditions are obtained at 80:20 of formation water; consequently, one can say that both of the simulation results and jar test results are in good agreement with each other. Table 6 and plotted in (Fig. 8) . The maximum scale formed 19.92mg / l is attained at formation: injection waters 80: 20. The results of XRD are given in table (7) and plotted in Figure (9) illustrate that the maximum calcium carbonate formation is 96.80202mg/l that occur at formation water: injection water of 80: 20, where as the maximum barite 
